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Requirements 

−  Incrementally scalable 

−  Reliable and available 
−  Low cost 

Sustained concurrent load of  

~50 interacPve and 20 complex 
queries 

-  InteracPve: <10sec 
-  Object‐based: <1h 
-  Source‐based: <1d 
-  ForcedSource‐based: <7d 

Table  # rows  footprint 

Object  26 billion  48TB 

Source  2.1 trillion  1.3PB 

ForcedSource  21 trillion  620TB 

Key table sizes (final data release) 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Baseline Architecture 

−  MPP RDBMS on shared‐nothing commodity cluster 

−  Data clustered spaPally and by‐Pme, parPPoned w/overlaps 
–  Two‐level parPPoning 
–  2nd level materialized on‐the‐fly 
–  Transparent to end‐users 

−  SelecPve indices to speed up interacPve queries,  
spaPal searches, joins including Pme series analysis 

−  Shared scans 
−  Custom sobware based on open source  

RDBMS (MySQL) + xrootd 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Baseline Architecture 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Qserv ImplementaPon 

IntercepPng user queries 

Worker dispatch, query 
fragmentaPon generaPon, 
spaPal indexing, query 
recovery, opPmizaPons, 
scheduling, aggregaPon 

CommunicaPon, 
replicaPon 

Metadata, result cache 

MySQL dispatch, shared 
scanning, opPmizaPons, 

scheduling 

Single node RDBMS 

RDBMS‐agnosPc 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Qserv Fault Tolerance 

MulP‐master 

Worker failure recovery 
Query recovery 

Two copies of data 
on different workers 

Redundant workers. 
Carry no state.  

•  Components replicated 
•  Failures isolated 

•  Narrow interfaces 
•  Logic for handling errors 
•  Logic for recovering from errors 

Auto‐load balancing 
between MySQL servers,  

auto fail‐over 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ParPPoning/SpaPal Queries 

SpaPal parPPons 
-  InteracPve small radius cone searches, near neighbor correlaPons O(N2) ‐> O(kN)  

Large number of parPPons 
–  increases potenPal for parallelism 

–  simplifies rebalancing when adding/removing nodes. 

–  speeds up near neighbor correlaPons 

–  increases overhead 

Two level parPPoning on (α, δ) with overlap 
-  coarse parPPons are unit of distribuPon across workers 

-  Fine parPPons are materialized on the fly 

-  ParPPons overlap so near neighbor queries avoid inter‐worker communicaPon 

-  Fine parPPons provide (coarse) spaPal index for small radius cone searches 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Status 

Scaling tests: 150 nodes, 2e9 objects, 55e9 sources (~32TB) 
–  ~4‐9s: object retrieval, small area spaPal search, object Pme series 

–  ~3‐8m: full sky filter, densiPes (scans) 

–  ~10m – 5h: near neighbor, sources not near objects (joins) 

Future Plans 

Qserv docs: hlp://dev.lsstcorp.org/trac/wiki/dbScalableArch 

Qserv code: hlp://dev.lsstcorp.org/trac/browser/DMS/qserv 

sciSQL code: hlps://launchpad.net/scisql 

−  Shared scans 
−  User tables, cross‐match 

−  Support for updates 

−  Query fault tolerance 

−  ParPPon management 

−  Usability improvements 

−  AuthenPcaPon and authorizaPon 

−  Resource management 

−  sciSQL: HTM and other UDFs? 


